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Abstract
Graphic warnings (GWs) on cigarette packs are widely used internationally with the aim of
reducing smoking behavior. In the current study, we investigated whether GWs influence
implicit evaluations of smoking, a potential moderator of smoking behavior, as measured
with an Implicit Association Test (IAT). Results showed that viewing a GW did not produce
more negative implicit evaluations of smoking for daily smokers, occasional smokers, or
non-smokers, compared to viewing a text-only warning. If anything, effects were in the direc-
tion of evaluations of smoking being more positive after certain participants (i.e., daily and
occasional smokers) viewed a GW. We also did not find any beneficial effects of GWs on
explicit evaluations of smoking. These results contrast with the observation that non-smok-
ers and occasional smokers (but not daily smokers) believed that GWs would be more effec-
tive than the text-only warnings. We discuss implications and limitations of these findings
and provide recommendations for improving the effectiveness of cigarette pack warnings on
implicit evaluations.
Introduction
Smoking is the leading cause of preventable death and disease worldwide [1]. Hence, under-
standing how we can efficiently prevent initiation and encourage cessation of smoking is an
important research endeavor. One of the primary strategies of tobacco control efforts has been
the placing of warning labels on tobacco products. These warning labels consist of text mes-
sages that are designed to inform people about the negative consequences of smoking such as
‘Cigarettes cause fatal lung disease’. Recently, many countries have started to require putting
graphic health warnings on cigarette packaging. Graphic warnings (GWs) typically consist of a
text message supplemented with a confronting color photograph, such as an image of black-
ened lungs or gangrenous feet, that is designed to invoke fear. Because fear can be an impor-
tant motivator for behavioral change [2], GWs are often considered to be an effective tobacco-
control strategy.
In line with this view, a recent meta-analysis, that included the results from 37 experimental
studies, has shown that GWs produce better effects than text-only warnings on a number of
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important outcomes [3]. For instance, GWs attract and hold attention better, motivate people
to think more carefully about the risks of smoking, and more strongly increase smokers’ inten-
tions to quit smoking. Other studies examining the impact of cigarette pack warnings have fur-
ther shown that GWs are typically perceived as more effective than text-only warnings and
more strongly promote smoking cessation as well as prevent smoking initiation [4–8]. Another
recent review assessed the long-term outcome of the national implementation of GWs in 20
countries [9]. This review showed beneficial effects of GWs on people’s knowledge about
smoking harms, knowledge of smoking cessation telephone lines and calls to these lines, as
well as reductions in actual smoking behavior.
In recent years, however, a number of researchers have expressed concern about the effec-
tiveness of graphic warnings [10–12]. One important critique is that GWs might (strongly)
influence smokers’ intentions to quit smoking but these effects do not always translate into
behavior. This accords with the observation that correlations between self-reported intention
and behavior are not consistently strong with habitual behaviors such as smoking [13–14].
Hence, the modification of actual smoking behavior might sometimes depend on changes in
other determinants of smoking. By investigating the extent to which GWs may influence cer-
tain moderators of smoking behavior we might gain important information that can help
improve GWs or other cigarette pack warnings.
One important moderator of smoking behavior is a person’s attitude towards smoking. Cig-
arette pack warnings are issued in order to provide information that convinces people that
smoking is bad. The desired outcome of a person reading these messages is that he or she will
evaluate smoking more negatively and that this will cause smokers to reduce their smoking
behavior and non-smokers to refrain from picking up smoking. Importantly, implicit evalua-
tions of smoking (i.e., the spontaneous evaluative responses to smoking-related stimuli) might
have a connection with smoking behavior in this respect. Previous research has provided evi-
dence that implicit evaluations of smoking can be a good predictor of smoking initiation [15],
quitting behavior [16], and abstinence or relapse after quitting smoking [17–18]. Implicit eval-
uations of smoking are sometimes found to be a reliable correlate of these various aspects of
addictive behavior even when controlling for changes in more controlled, explicit evaluations
of smoking (though the observed relation may depend on several moderators) (see [19], for a
review). For these reasons, it is often argued that it is important to target implicit evaluations
of smoking in order to reduce smoking behavior [14,20].
Cognitive theories of evaluation have traditionally assumed that (a) implicit evaluations
reflect the automatic activation of associations between representations in memory (for a
review, see [21]) and (b) changing these associations requires many experiences (e.g., [22–23]).
As a result, interventions to change implicit evaluations of smoking have mainly used para-
digms in which stimuli are repeatedly paired with valenced events (e.g., with the presentation
of valenced stimuli: [24] or with the performance of approach-avoidance actions: [25]). Impor-
tantly, however, recent studies have provided substantial evidence that, under certain circum-
stances, implicit evaluations can actually change very rapidly on the basis of novel information
[26–28]. For instance, studies in the context of smoking have found that smokers sometimes
exhibit more negative implicit evaluations of smoking after reading anti-smoking messages
[29] or after viewing a short anti-smoking Public Service Announcement [30]. These results
accord with recent evaluation theories which assume that the acquisition of propositional
information can have an immediate impact on implicit evaluation [31–34].
There are thus theoretical and empirical reasons to believe that even a single exposure to
GWs can, at least in principle, influence implicit evaluations of smoking. In the current study,
we examined empirically whether GWs actually produce these effects. To this end, we asked
participants to first read one anti-smoking message which either did or did not include a
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graphic image and then complete an Implicit Association Test (IAT; [35]) measuring implicit
evaluations of smoking. We decided to use the IAT because this is currently the most widely
used method to measure implicit evaluations and because (changes in) IAT scores are some-
times found to be a good predictor of (changes in) smoking behavior [15]. Participants also
completed an explicit measure of their evaluations of smoking (i.e., liking ratings) and indi-
cated how effective they considered the anti-smoking warning they had seen. Note that, even
though the focus of our study is on implicit evaluations, we included explicit evaluations and
effectiveness ratings in the interest of comparison. In line with previous studies [3], we
expected that participants would (a) rate GWs as more effective than text-only warnings and
(b) exhibit more negative explicit evaluations of smoking after viewing GWs. Given the previ-
ous observations of both beneficial and unwanted effects of anti-smoking messages on implicit
evaluations [28], we did not have strong predictions regarding the (direction of) effects of
GWs on implicit evaluations of smoking. We investigated effects of GWs for non-smokers,
occasional smokers, and daily smokers separately because previous studies have shown that
these groups can respond differently to anti-smoking messages [36]. We recruited a large
number of participants in order to maximize statistical power to find effects of this single expo-
sure to the warning in each of the groups. We stopped the data-collections when at least 1000
smokers had completed all measures of the experiment. As a result, we had sufficient statistical
power to detect small effects even for the subset of participants that were daily smokers (power




A total of 7757 English-speaking volunteers participated online via the Project Implicit
research website (https://implicit.harvard.edu). Participants were citizens of 103 different
countries (77.54% US, 5.81% Canada, 3.19% UK, 1.47% Australia, all others <1.00%). In line
with the standard treatment of Project Implicit data [29], we excluded data from participants
who (a) did not fully complete all questions and tasks (1422 participants; i.e., 18.33%), (b) had
IAT error rates above 30% across the entire task (110 participants; i.e., 1.74%), (c) had IAT
error rates above 40% for any one of the four critical IAT blocks (380 participants; i.e., 6.23%),
or (d) were faster than 400 ms on more than 10% of the IAT trials (12 participants; i.e., 0.21%).
Analyses were performed on the data of the remaining 5833 participants (64% women, mean
age = 29, SD = 13). Note that including the data from all participants in the analyses did not
result in any shift in significance for any of the reported effects. A full description of these
results can be found at https://osf.io/g2tr7. At this online repository we also provide a link to
the online study as well as all data of the study and data analysis scripts.
In line with previous research [36], we divided the sample of participants on the basis of
smoking behavior by those who reported that they never smoke (4119 [70.61%] non-smokers),
those who reported that they smoke less than one cigarette per day (1167 [20.01%] occasional
smokers), and those who reported that they smoke at least one cigarette per day (547 [9.38%]
daily smokers).
Ethical review and written approval was granted by Ghent University’s Ethics Committee.
Prior to accessing the online study, respondents were directed to an Information Sheet setting
out the study purpose, intended data use, and their rights as research participants. They were
given a researcher’s contact details, should they have any questions, and advised that comple-
tion of the survey would be assumed to imply consent.
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Stimuli
We used 49 different cigarette warning messages as stimuli. First, we included the 36 graphic
warning messages proposed by the US Food and Drug Administration (FDA) for inclusion on
United States (US) cigarette packs. These messages consist of one of nine possible text mes-
sages and a color photograph matched to the text. All 36 messages were under consideration
for inclusion on cigarette packs at the time of the study. Second, we included the four text-only
warning messages that were currently in use in the US at the time of the study as well as the
nine text messages proposed by the FDA without the color photographs. Participants were
randomly assigned to one of the 49 messages (36 GWs and 13 text-only warnings).We opted
for this large variability in GWs and text-only messages to allow for generalizability (i.e., possi-
ble effects are less likely to be due to one message that stands out as being very effective or un-
effective) and to be able to test which messages within text-only and GWs might be most effec-
tive. All analyses were also performed when including only 9 of the 36 GWs (i.e., the GWs
eventually selected by the FDA). Results of these analyses did not change the significance level
of any of the reported effects.
The proportion of participants categorized as non-smokers, occasional smokers, and daily
smokers was not significantly different for participants who read a GW or a text-only warning
(graphic: 70.59%, 19.42%, 9.99%; text-only: 70.62%, 20.22%, 9.15%), χ2s< 1.83, ps> .17. We
also did not observe any significant differences between participants who read a graphic or
text-only warning in terms of sex, age, education level, race, or country of residence (US/non-
US).
Procedure
All participants were first informed that the FDA is currently considering new standards for
warning labels on cigarette packaging and that they have put out a list of potential statements
and images, asking for public comments on these labels. This information was true at the time
of the study. Participants were told that they would see one of the potential labels and were
asked to pay close attention to what they would see because they would be asked questions
about it throughout the rest of the study. Then participants were shown one of the 49 possible
cigarette warning messages (text warnings presented in black font; GWs presented in full
color) on a screen with white background and with the following instructions presented
directly below the message:
Please look carefully at the potential warning label above. Imagine that you see this image
on a cigarette package. When you have finished thinking about it, press ’Continue’ to go on
with the study.
Half the participants completed an IAT measuring implicit evaluations of smoking immedi-
ately after reading the warning label. The other participants first reported their explicit liking
of smoking. The IAT procedure followed that of previous studies [29]. Participants categorized
14 attribute words (e.g., happy, evil) as ‘positive’ or ‘negative’ and 12 images of smoking-
related (e.g., cigarette, man smoking) or non-smoking related stimuli (e.g., pencil, man blow-
ing a whistle) as ‘smoking’ or ‘not smoking’. The IAT consisted of three practice blocks and
four experimental blocks. Participants began the IAT with 20 practice trials sorting the target
images and 20 practice trials sorting positive and negative words. Next, participants completed
two blocks of 20 and 40 critical trials, respectively, in which positive stimuli and smoking-
related stimuli shared one response key and negative stimuli and non-smoking related stimuli
shared another response key (or vice versa). Participants then practiced sorting target stimuli
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on 40 trials with a reversed response key assignment. Finally, participants completed a second
set of blocks of 20 and 40 critical trials in which smoking-related stimuli shared a response key
with negative and non-smoking related stimuli shared a response key with positive (or vice
versa). If participants made an error in the categorization task, a red “X” appeared on the
screen until participants provided the correct response. Latencies were recorded until a correct
response was made. IAT-scores were calculated using the D2-algorithm [37], such that higher
scores indicate a more positive implicit evaluation of smoking. Split-half reliability of the IAT
score, calculated on the basis of an odd-even split, was high for each of the three groups of par-
ticipants, rs = [.91 - .94].
Participants reported their explicit liking of smoking by responding to two separate ques-
tions. First, participants answered the question “Which of the following statements best
describes you?” by using a 7-point response scale ranging from -3 (I strongly prefer smoking
to not smoking) to +3 (I strongly prefer not smoking to smoking). Second, participants were
asked to indicate to what extent they think smoking is positive or negative by giving their rat-
ing on a 7-point scale ranging from -3 (very negative) to +3 (very positive). We averaged these
two ratings into one explicit rating score (Cronbach’s Alpha = .63).
After the implicit and explicit evaluation tasks, participants were asked to think back to the
warning label that they saw at the beginning of the study and rate how effective they thought
this label would be at reducing smoking. Participants gave their effectiveness ratings on a
6-point Likert scale ranging from 1 (not very effective at all) to 6 (extremely effective). Finally,
participants were asked to indicate which of the following ten possible answers corresponded
to their smoking behavior: ‘I never smoke’, ‘I smoke a couple of cigarettes per year’, ‘I smoke a
couple of cigarettes per month’, ‘I smoke a couple of cigarettes per week’, ‘I smoke between 1
and 5 cigarettes per day’, ‘I smoke between 6 and 10 cigarettes per day’, ‘I smoke between 11
and 20 cigarettes per day’, ‘I smoke about one pack per day’, ‘I smoke between one and two
packs per day’, ‘I smoke more than 2 packs per day’. Participants were categorized as non-
smokers if they indicated the first option, as occasional smokers if they indicated smoking a
couple of cigarettes per year/month/week and as daily smokers if they indicated any of the
other options.
Data analyses
To investigate effects of anti-smoking warning messages on IAT scores, explicit rating scores
and effectiveness rating scores, we used linear mixed effects models (multilevel model analysis)
as implemented in R package lme-4 [38]. Linear mixed effects models allow us to control for
random effects of participants and items while assessing relevant (fixed) factors of interest (i.e.,
the effect of Warning Type: GW, text-only) and are very good at dealing with unbalanced data
[39]. In line with standard recommendations, these linear mixed effects regression (lmer) anal-
yses consisted of the following steps. We first defined a model with Warning Type as fixed fac-
tor and the grouping variable Participant as random factor (by-participant random intercept).
Next, we tested if the inclusion of a random intercept for Smoking Behavior (i.e., participants’
answer to the smoking behavior question) or for Message Content (i.e., which of the text mes-
sages participants had read) significantly improved model fit. This allows us to control for vari-
ance in the scores that is due to differences in smoking behavior or due to the particular text-
message participants had seen. There were 11 different text messages: nine text messages pro-
posed by FDA (and included in GWs) and four currently used text messages, two of which are
also part of the FDA messages. We also tested if the inclusion of an intercept for the factors
Gender (male, female), Country of Residence (US, non-US), Race (White, Black, Other), Task
Order (IAT first, explicit ratings first) or IAT Block Order (first IAT block involved
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categorizing positive and smoking or negative and smoking with the same key) improved
model fit. We then tested if the inclusion of Age as a covariate improved model fit. In the next
step we tested if random slopes for any of the fixed factors were additionally needed and
whether the inclusion of Reading Time (i.e., the time it took participants to click ‘Continue’ to
move on with the study when exposed to the screen displaying the anti-smoking warning) as a
covariate improved model fit. On average, reading time was longer for participants who saw a
GW (M = 21 s, SD = 24 s) than for participants who saw a text-only warning (M = 16 s,
SD = 18 s), t(11368) = 7.43, p< .001, d = 0.22. Finally, analyses were performed for the best fit-
ting model. For these analyses, we report all effects with p values < .10. Effects with a p value
between .05 and .10 are also reported because these effects can be of interest to readers even
though they are not to be considered significant according to standard levels of significance.
We supplemented lmer analyses with Bayesian analyses that were performed in accordance
with standard procedures [40] with Cauchy prior width = .707. These analyses provide Bayes
Factors (BFs) which give an indication of how strongly the data support either the null hypoth-
esis (BF0; reflecting the absence of a significant effect) or the alternative hypothesis (BF1;
reflecting the presence of a significant effect). Thus, they allow us to determine whether a non-
significant finding can be considered support for the null hypothesis. We performed two sepa-
rate one-sided Bayesian t-test analyses. More specifically, we tested (a) whether GWs produce
better outcomes (i.e., more negative implicit and explicit evaluations of smoking) than text-
only warnings (alternative hypothesis) or do not produce better outcomes (null hypothesis)
and (b) whether GWs produce worse outcomes (i.e., more positive implicit and explicit evalua-
tions of smoking) than text-only warnings (alternative hypothesis) or do not produce worse
outcomes (null hypothesis). For the effectiveness ratings, Bayesian t-test analyses only tested
whether GWs produce better outcomes (i.e., higher effectiveness ratings) than text-only warn-
ings (alternative hypothesis) or do not produce better outcomes (null hypothesis). BFs between
1 and 3, between 3 and 10, and larger than 10, respectively designate ‘anecdotal evidence’, ‘sub-
stantial evidence’, and ‘strong evidence’ for either the null (BF0) or the alternative hypothesis
(BF1) [41].
Results
IAT scores and explicit rating scores indicated more negative evaluations of smoking for non-
smokers (IAT: M = -0.77, SD = 0.40; explicit rating: M = -2.62, SD = 0.70) than for occasional
smokers (IAT: M = -0.62, SD = 0.46; explicit rating: M = -1.44, SD = 1.13) and daily smokers
(IAT: M = -0.56, SD = 0.53; explicit rating: M = -0.20, SD = 1.17), ts> 9.09, ps< .001. IAT
scores showed a weak positive correlation with explicit rating scores, r(5831) = .25, p< .001,
and with self-reported smoking behavior, r(5831) = .18, p< .001. The explicit rating scores
showed a strong positive correlation with smoking behavior, r(5831) = .74, p< .001. The cor-
relation between IAT scores and explicit rating scores was significantly higher for daily smok-
ers (r[545] = .29) and occasional smokers (r[1165] = .29) than for non-smokers (r[4117] =
.08), zs> 4.96, ps< .001.
Lmer analyses on IAT and explicit rating scores
Lmer analyses were performed on standardized IAT and explicit rating scores for daily smok-
ers, occasional smokers, and non-smokers. Scores were standardized by subtracting the mean
implicit or explicit evaluation score from individual scores and dividing by the standard devia-
tion of the score. Lmer models included the fixed factor of Evaluation Type (IAT score, explicit
rating score) in addition to the factor of Warning Type. This allowed us to investigate whether
Effects of graphic cigarette warnings
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Warning Type had a significantly stronger or weaker effect on implicit evaluations than on
explicit evaluations.
Daily smokers. The best fitting model for daily smokers included only intercepts of Par-
ticipant and IAT Block Order as random factors. Reading Time and Age were included as
covariates. We observed a main effect of Evaluation Type, χ2(1) = 515.45, p< .001. In line with
previous studies [42], results showed that smokers exhibit more positive explicit (M = 1.63,
SD = 1.01) than implicit evaluations of smoking (M = 0.33, SD = 1.23). We also observed a
main effect of Age, χ2(1) = 35.78, p< .001. Participants’ evaluation scores decreased by 0.18
for every ten years of age increase in participants. The main effect of Reading Time was mar-
ginally significant, χ2(1) = 2.85, p = .091. Participants’ evaluation scores decreased 0.04 for
every ten seconds longer reading time. More importantly, we also observed a main effect of
Warning Type, χ2(1) = 8.15, p = .004. Strikingly, evaluations of smoking were more positive
when participants had seen a GW (M = 1.10, SD = 1.30) than when they had seen a text-only
warning (M = 0.86, SD = 1.31). We did not observe a significant interaction with Evaluation
Type, χ2(1) = 0.35, p = .55. Planned comparisons revealed a marginally significant effect of
Warning Type on IAT scores, t(545) = 1.95, p = .052, d = 0.18, and a significant effect on
explicit rating scores, t(545) = 2.65, p = .008, d = 0.25. Bayes factors provided strong evi-
dence for the null hypothesis that, compared to text-only warnings, GWs do not produce
more negative implicit, BF0 = 27.39, or explicit evaluations of smoking, BF0 = 34.74. They
provided anecdotal evidence that GWs produce more positive implicit evaluations of smok-
ing, BF1 = 1.27 and substantial evidence that GWs produce more positive explicit evalua-
tions of smoking, BF1 = 6.21. We did not include Gender or Country of Residence in the
final analyses because including these factors did not significantly improve model fit, ps >
.40. We performed exploratory analyses which showed that the negative effect of GWs was
(marginally) significant for male participants and female participants separately, and US
and non-US participants separately, ps < .080”.
Occasional smokers. In the lmer analysis on evaluation scores of occasional smokers, ran-
dom intercepts for Smoking Behavior and Participant were necessary as well as a random
slope for Evaluation Type by Smoking Behavior. Reading Time and Age were included as
covariates and Gender was included as a fixed factor. We observed a main effect of Evaluation
Type, χ2(1) = 5.65, p = .017. Occasional smokers exhibited more positive explicit (M = 0.84,
SD = 0.97) than implicit evaluations of smoking (M = 0.30, SD = 1.06). We also observed a
main effect of Reading Time, χ2(1) = 11.98, p< .001. Participants’ evaluation scores decreased
0.04 for every ten seconds longer reading time. We also observed a main effect of Age, χ2(1) =
98.57, p< .001. Participants’ evaluation scores decreased by 0.20 for every ten years of age
increase in participants. A main effect of Gender was also observed, χ2(1) = 11.98, p< .001,
indicating that male participants exhibited more positive evaluations of smoking. The main
effect of Warning Type was marginally significant, χ2(1) = 3.74, p = .053. Similar to results for
daily smokers, evaluations of smoking were more positive when participants had seen a GW
(M = 0.61, SD = 1.05) than when they had seen a text-only warning (M = 0.52, SD = 1.00).
However, this main effect was qualified by three interactions. First, the interaction of Warning
Type and Gender was marginally significant, χ2(1) = 3.77, p = .052. This interaction indicated
that the main effect of Warning Type was significant for male participants, χ2(1) = 6.64, p =
.009, but not for female participants, χ2(1) = 0.21, p = .64. Second, the interaction of Warning
Type and Age was significant, χ2(1) = 4.19, p = .041. This interaction indicated that the main
effect of Warning Type was bigger for older participants than for younger participants. Third,
the interaction of Warning Type and Evaluation Type was marginally significant, χ2(1) = 3.12,
p = .077. Planned comparisons revealed that standardized IAT scores were more positive when
participants had seen a GW (M = 0.37, SD = 1.08) than when they had seen a text-only warning
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(M = 0.22, SD = 1.02), t(1165) = 2.52, p = .012, d = 0.17. We did not observe significant differ-
ences between explicit rating scores for participants who had seen a GW or a text-only warn-
ing, t(1165) = 0.35, p = .72, d = 0.02. Again, Bayes Factors indicated strong evidence for the
null hypothesis that, compared to text-only warnings, GWs do not produce more negative
implicit, BF0 = 47.40, or explicit evaluations of smoking, BF0 = 14.42. The Bayes Factors pro-
vided substantial evidence that GWs produce more positive implicit evaluations of smoking,
BF1 = 3.38 and substantial evidence that GWs do not produce more positive explicit evalua-
tions of smoking, BF0 = 9.91. We did not include Country of Residence in the final analyses
because including this factor did not significantly improve model fit, p = .27. Exploratory anal-
yses revealed that the negative effect of GWs was marginally significant for non-US partici-
pants and non-significant for US participants. This difference in effects was not significant,
p = .58.
Non-smokers. The lmer model for non-smokers included the intercept of Participant as
random factor. Reading Time and Age were included as covariates and Gender as fixed factor.
In this model, we observed a main effect of Evaluation Type, χ2(1) = 298.70, p< .001. In con-
trast to the observed pattern for smokers, non-smokers exhibited more negative explicit (M =
-0.40, SD = 0.60) than implicit evaluations of smoking (M = -0.11, SD = 0.92). We also
observed a main effect of Reading Time, χ2(1) = 4.85, p = .004. Participants’ evaluation scores
decreased 0.01 for every ten seconds longer reading time. We also observed a main effect of
Gender, χ2(1) = 42.56, p< .001, indicating that male participants exhibited more positive eval-
uations of smoking. We also observed a main effect of Age, χ2(1) = 239.18, p< .001. Partici-
pants’ evaluation scores decreased by 0.10 for every ten years of age increase in participants.
We did not observe a main effect of Warning Type, χ2(1) = 0.13, p = .72, nor an interaction
with Evaluation Type, χ2(1) = 1.89, p = .17. Planned comparisons revealed no significant dif-
ferences in IAT scores or explicit rating scores for participants who had seen a GW (M = -0.25,
SD = 0.79) compared to participants who had seen a text-only warning (M = -0.26, SD = 0.80),
ts< 1.44, ps> 15, ds< 0.06. Bayes Factors indicated substantial evidence for the null hypothe-
sis that GWs do not produce more negative implicit evaluations compared to text-only warn-
ings, BF0 = 4.91, and strong evidence for the null hypothesis that GWs do not produce more
negative explicit evaluations compared to text-only warnings, BF0 = 39.66. The Bayes Factors
also provided strong evidence that GWs do not produce more positive implicit or explicit eval-
uations of smoking, BF0s > 13.81. We did not include Country of Residence in the final analy-
ses because including this factor did not significantly improve model fit, p = .10. Exploratory
analyses revealed no effect of Warning Type for US or non-US participants, ps> .34
Lmer analyses on effectiveness rating scores
Effectiveness rating scores showed a weak negative correlation with self-reported smoking
behavior, r(5831) = -.14, p< .001, indicating that participants who reported that they smoke
more, rated the anti-smoking warnings as less effective. This correlation was also observed
when we excluded the data of the participants who indicated that they did not smoke, r(1712) =
-.14, p< .001. We also observed a weak negative correlation of effectiveness rating scores with
IAT scores, r(5831) = -.06, p< .001, and with explicit rating scores, r(5831) = -.16, p< .001.
Daily smokers. We fitted an lmer model for effectiveness ratings of daily smokers. The
best fitting model included random intercepts for the factors Smoking Behavior and Message
Content and a fixed effect of Gender. We observed a main effect of Gender, χ2(1) = 5.38, p =
.020, indicating that male participants gave lower effectiveness ratings in general. The effect of
Warning Type was marginally significant, χ2(1) = 3.04, p = .081, d = 0.15. Participants gave
descriptively higher effectiveness ratings for GWs (M = 1.97, SD = 1.30) than for text-only
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warnings (M = 1.84, SD = 1.31). The obtained Bayes Factor indicated that results provide anec-
dotal evidence for the null hypothesis (i.e., that daily smokers do not rate GWs as more effec-
tive than text-only warnings, BF0 = 1.38).
Occasional smokers. The lmer model included random intercepts for the factors Smok-
ing Behavior and Message Content and a fixed effect of Gender. We observed a main effect of
Gender, χ2(1) = 21.88, p< .001, indicating that male participants gave lower effectiveness rat-
ings in general. In contrast to results for daily smokers, we also observed a significant main
effect of Warning Type, χ2(1) = 26.97, p< .001, d = 0.33. Effectiveness ratings were higher for
GWs (M = 2.38, SD = 1.05) than for text-only warnings (M = 2.06, SD = 1.00). The obtained
Bayes Factor indicated that results provide strong evidence for the alternative hypothesis (i.e.,
that occasional smokers rate GWs as more effective than text-only warnings, BF1 = 21872).
Non-smokers. The lmer model for non-smokers included a random intercept for Mes-
sage Content, a random slope for Warning Type by Message Content and fixed effects of Gen-
der and Age. We observed a main effect of Gender, χ2(1) = 20.64, p< .001, indicating that
male participants gave lower effectiveness ratings in general, and a main effect of Age, χ2(1) =
5.52, p = .019, indicating that effectiveness scores decreased by 0.03 for every ten years of
age increase in participants. The main effect of Warning Type was significant, χ2(1) = 38.68,
p< .001, d = 0.58, indicating that non-smokers rated GWs (M = 2.65, SD = 0.79) as more effec-
tive than text-only warnings (M = 2.22, SD = 0.80), BF1 > 105.
Discussion
In the current study, we examined whether GWs elicit more negative implicit evaluations of
smoking than text-only warnings. To this end, we measured smokers’ and non-smokers’
implicit evaluations of smoking with an IAT after they had viewed a GW or a text-only warn-
ing. Results provided strong evidence that, even though (occasional) smokers and non-smok-
ers rate GWs as more effective than text-only warnings, they do not exhibit more negative
implicit evaluations of smoking after viewing a GW than after viewing a text-only warning. If
anything, GWs seemed to produce worse effects than text-only warnings in daily and occa-
sional smokers (i.e., more positive implicit evaluations of smoking). Similarly, GWs also pro-
duced only unwanted effects on explicit evaluations of smoking (i.e., more positive explicit
evaluations of smoking compared to text-only warnings in daily smokers).
GWs do not elicit more negative implicit evaluations of smoking
Given the strong evidence for the effectiveness of GWs in changing smoking behavior (e.g.,
[9]), it is surprising that we did not observe a negative shift in implicit evaluations of smoking
for participants who viewed GWs. A number of possible explanations might account for this
result. First, psychological reactance might have played a role in our studies. It is often argued
that GWs can initiate a freedom threat in smokers and can therefore lead smokers to experi-
ence fear or cognitive dissonance [43]. As a result, smokers may become motivated to reduce
these negative feelings evoked by GWs. This may be achieved more easily by raising counterar-
guments against the unelaborated warning messages than by changing their smoking behavior.
This might impact spontaneous responses to smoking-related stimuli (e.g., because informa-
tion in-line with the idea that participants like smoking is now more active in memory), mak-
ing IAT scores of smoking more positive. In accordance with this explanation, previous
studies have provided strong evidence that (a) GWs elicit greater reactance in smokers than
text-only warnings (mean d = 0.50, see [3]) and (b) the inclusion of graphic images in cigarette
warnings leads to more negative thoughts about cigarette warnings [10]. Moreover, evidence
suggest that such reactance processes can sometimes lead to unwanted changes in implicit
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evaluations of smoking [29]. Further in-line with this idea, we recently performed a study in
which 1302 online participants read a fear-inducing text-only warning (an FDA warning) or a
text-only warning that focused on the positive effects of quitting smoking (e.g., quitting smok-
ing restores lung functioning). We found that participants who saw the fear-inducing warn-
ings came up with more counter-arguments and this produced more positive implicit
evaluations of smoking. In that study, we also found that male participants exhibited higher
psychological reactance (as often observed: e.g.:[44]) and generated more counter-arguments.
This accords with our observation in the current study that implicit evaluations of male partic-
ipants were more negatively impacted by GWs than female participants (for occasional
smokers).
A second explanation is that implicit evaluations simply cannot change on the basis of a
one-time exposure to cigarette pack warnings. Importantly, however, the current study does
provide evidence for the malleability of implicit evaluations of smoking as the result of a single
viewing of GWs. However, results indicate that when GWs have an influence, it is in the unin-
tended direction. Specifically, compared to text-only warnings, GWs produced more positive
implicit evaluations of smoking for daily and occasional smokers. This accords with recent
studies showing that implicit evaluations in general, and implicit evaluations of smoking in
particular, can be readily changed via the one-time viewing of verbal information and supports
evaluation models that incorporate this possibility in their models [32,33]. Note that the
observed negative reaction to GWs might be only an initial (spontaneous) reaction that is very
momentary. It is possible that changes in implicit evaluations (and related changes in behav-
ior) might be more positive after repeated (or longer) exposures to GWs. In line with this idea,
a recent study found a (small) beneficial effect of GWs compared to text-only messages on
implicit evaluations of smoking as measured with the IAT in a sample of young adult smokers
[45]. Importantly, in that study, participants saw the nine FDA-proposed GWs four times each
in a six minute time span. It is possible that this bombarding of participants with GWs is more
effective for changing implicit evaluations in the intended direction (e.g., because participants
do not have the time to argue against each warning).
A third explanation is that other (within-participant) factors influenced implicit evaluations
and that these factors were not matched between the text conditions. We probed several possi-
ble moderators of implicit evaluations and found that some of these factors influenced
observed effects (e.g., age and gender) while others did not (e.g., country of residence and
race). However, it is possible that other factors, that were not measured, also biased implicit
evaluations and might therefore have influenced the observed results (e.g., trait reactance, or
time since a person’s last cigarette: [46]). It is also possible that procedural factors influenced
implicit evaluations and precluded positive effects of GWs. For instance, in the current study
we told participants to look at warnings that the FDA was considering to put on cigarette
packs. It is possible that this amplified psychological reactance in some participants, which, in
turn, influenced implicit evaluations of smoking. Note, however, that instructions were similar
for participants who viewed GWs or text-only warnings, so overall reactance due to instruc-
tions cannot explain differences between the two text conditions. Relatedly, it is possible that
effects were biased by the fact that GWs were presented in a different manner than is typically
the case (i.e., on a webpage rather than on a cigarette pack). Furthermore, participants were
given the instructions to review the message carefully which might have further biased results
compared to actual exposure in real life. For instance, negative aspects might be more easily
reported when consciously reviewing these messages in an on-line study (e.g., to accord with
inferred experimenter expectations). Future studies might examine effects of warnings in
more ecologically valid situations such as when messages are presented on cigarette packs or
when participants are more cognitively busy.
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A final explanation is that IAT scores were changed (in the unintended direction) due to
GWs, but that this change does not reflect a change in actual liking of smoking (and hence is
unlikely to influence smoking behavior). Indeed, there is evidence to suggest that IAT perfor-
mance can be influenced by non-attitudinal factors such as participants’ recoding of IAT cate-
gories [47] or extra-personal knowledge (e.g., knowledge that a person has about societal views
but regards as irrelevant for his or her own feelings about the attitude object: [48]). This has
also been proposed as an explanation for why some studies do not find any relation between
(changes in) IAT scores and important smoking-related outcomes (e.g.: [49]). It is therefore
essential that future work examines effects of cigarette pack warnings on other implicit evalua-
tion measures as well and examines how changes in these measures relate to changes in other
smoking-related behavior.
GWs do not elicit more negative explicit evaluations of smoking
For the sake of comparison, the current study also examined effects of GWs on more con-
trolled, explicit evaluations of smoking. Results provide strong evidence that, similar to
implicit evaluations, explicit evaluations also do not become more negative when smokers or
non-smokers view a GW compared to a text-only warning. This contrasts with the conclusion
of [3] who stated that “relative to text-only warnings, pictorial warnings elicit more negative
smoking attitudes” (p. 1). This discrepancy may again be related to the fact that participants in
our study only needed to watch the GWs one time and for a short period of time. Our failure
to find beneficial effects of GWs on explicit ratings of smoking in smokers accords with the
idea that smokers’ explicit evaluations of smoking are held with great certainty and are there-
fore very resistant to persuasive attempts [30]. Likewise, non-smokers may have formed a clear
image of the negativity of smoking and this does not change when they are confronted with a
graphic image (added to a cigarette warning). Given the strongly negative rating of smoking
for non-smokers, this might also be a floor effect.
Similar to results for implicit evaluations, however, we also found some evidence for
unwanted effects of GWs on explicit evaluations of smoking. Results indicated that GWs pro-
duced more positive explicit evaluations of smoking in daily smokers. In contrast to implicit
evaluations, however, occasional smokers’ explicit evaluations of smoking did not become
more positive after viewing GWs. This discrepancy accords with the observation that occa-
sional smokers but not daily smokers rated GWs as more effective than text-only warnings.
These results suggest that reactance may more easily present itself on controlled measures
such as effectiveness and liking ratings for daily smokers than for occasional smokers. Occa-
sional smokers might feel more uncertain about their reasons for smoking and therefore show
less reactance on these explicit measures. After viewing the anti-smoking warnings, occasional
smokers might more strongly agree that smoking is bad and that therefore fear-evoking mes-
sages are needed (even though viewing these GWs does not reduce their spontaneous liking of
smoking). This might suggest that implicit measures of evaluation may sometimes capture
important (reactance-based) changes that are more difficult to capture with explicit evaluation
measures (see also [29]).
Implications
The current findings might help explain why GWs do not always produce beneficial effects on
smoking behavior (even when they change intentions to quit smoking) [11]. For instance,
addictive behaviors such as smoking may have a strong automatic component and changes in
implicit evaluation may therefore be important for reducing smoking behavior [15–16] (e.g.,
by establishing a reduction in craving for cigarettes [50] or by improving self-efficacy [51]).
Effects of graphic cigarette warnings
PLOS ONE | https://doi.org/10.1371/journal.pone.0194627 March 15, 2018 11 / 15
GWs may typically produce better effects than text-only warnings on controlled outcomes
such as intentions to quit [3, 52], which prompts smoking cessation in general (e.g., [8]). How-
ever, some smokers know the negative consequences of smoking very well, and they may even
consider them a good reason for quitting, yet they still persist in their smoking habit. In those
cases, it might be important to produce changes in automatic evaluative reactions to smoking.
When GWs lead to psychological reactance, however, these reactions might become more pos-
itive. Hence, our results suggest that, in order to find more beneficial effects of GWs it might
be important to use GWs that are less (construed as) fear-evoking and therefore lead to less
reactance. In accordance with this idea, one study found that smokers indicated a greater
amount of quitting activity in the weeks following exposure to GWs when these GWs were less
reactance-evoking because they included photographs and personal details of real people
whose health has been affected by smoking [53]. Our results further suggest that (reactant)
responses to GWs might depend on specific characteristics of the target group. For instance,
when it comes to occasional smokers, it seems that older, male, smokers might react more neg-
atively to GWs.
For non-smokers, it may also be of importance to make implicit evaluations of smoking
more negative. More negative automatic reactions towards smoking may encourage them not
to pick up smoking. For instance, a strong implicit disliking of smoking might overcome social
influence when non-smokers have to decide whether or not to light up a cigarette. However, it
can also lead them to express these spontaneous reactions which could influence their reac-
tions to smokers. As our results indicate, however, confronting non-smokers with GWs does
not produce more negative implicit evaluations in non-smokers than presenting text-only
warnings.
It is important to note that our results do not show that GWs have no benefit in general.
Rather, they may provide information that suggests that it may be of importance to integrate
knowledge about psychological reactance when designing new anti-smoking warnings. More-
over, because of the immediate impact that warnings may have on implicit evaluations, it
might be beneficial to examine effects on implicit evaluations to improve the effectiveness of
these warnings. A possible step when designing new anti-smoking warnings may be to estab-
lish which specific anti-smoking messages (in combination with which specific graphic
images) produce the strongest desired effects on implicit evaluations. To provide a first indica-
tion, we performed analyses investigating the separate effects of the 11 different text messages
that were used in this study (presented with and without graphics). These analyses are reported
in the online supplement and indicated, for instance, that the message ‘cigarettes cause cancer’
produces more negative evaluations of smoking than the message ‘tobacco smoke causes fatal
lung disease in nonsmokers’ for daily smokers. One possible reason for this might be that the
latter message can be more easily discarded (e.g., when a smoker argues that they don’t smoke
near nonsmokers). Note that for non-smokers the latter message was actually the second best
message (which might be because this message is more self-relevant) only preceded by ‘smok-
ing can kill you’.
Concluding remarks
In sum, the current findings suggest that the one-time viewing of GWs does not have any ben-
eficial effect on implicit (or explicit) evaluations of smoking in smokers or non-smokers.
Although GWs were perceived as being more effective by non-smokers and occasional smok-
ers, these ratings of effectiveness were inaccurate with regard to immediate effects on evalua-
tions of smoking. Where significant differences in implicit (and explicit) evaluations of
smoking occurred, they were in the direction of evaluations being more positive after
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participants viewed GWs. Future studies are required to further test effects of GWs on implicit
evaluations of smoking as measured with other measures of implicit evaluation and to test
their relation with actual smoking behavior.
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